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ground, the coating amount is preferably from 0.1 to 2.0 % by weight of the magnetite particle in terms of A^C^ and/ 
or Si0 2 . 

The specific surface area of the magnetic particle powder according to the invention is from 3.5 to 9.5 rr^/g, pref- 
erably, 4.0 to 8. 5 m 2 /g. If it is less than 3.5 m 2 /g, the dispersibility of the magnetite particles in the vehicle resin decreases 
5 and the background increases. If it is greater than 9.5 rr^/g, the electrostatic properties of the toner decline and the 
image density decreases. 

The magnetic particle powder according to this invention are typically in the form of a polyhedron, preferably a 
hexahedron or octahedron, or a sphere. 

The magnetic particle powder according to this invention may be prepared by heat oxidation in an oxidizing at- 
10 mosphere, at 350°C to 700°C, of magnetite particles synthesized from an aqueous solution containing Fe 2+ and coated 
with the Al compound, Si compound or both of these compounds, or alternatively, by preliminary heat oxidation at 200 
to 350°C followed by the heat oxidation at 350 to 700°C to convert them into maghemite/hematite composite particles 
coated with the aforesaid oxides, and then by thermal reduction in a reducing atmosphere at 250 to 500°C of the 
resultant composite particles. 

15 in the preparation described in the foregoing, the magnetite particles obtained by the wet process are in the form 

of hexahedron, octahedron, polyhedron or sphere, and have the specific surface area of from 4 to 10 nr^/g. In the wet 
process, an oxidizing gas may be passed at a temperature of from 60°C to 100°C into an aqueous solution of Fe- 
containing precipitate such as Fe(OH) 2 or FeC0 3 , obtained by mixing an aqueous solution of a ferrous salt such as 
ferrous sulfate with an aqueous solution of alkali such as sodium hydroxide or sodium carbonate, so as to give a black 

20 precipitate. Acid radicals are then washed out with water, and the product dried to prevent discoloration. In another 
method, an aqueous solution containing Fe 2+ and Fe 3+ in the ratio 1 :2 is prepared using an aqueous solution of ferrous 
salt such as ferrous sulfate and an aqueous solution of ferric salt such as ferric sulfate, at least one equivalent of an 
aqueous solution of alkali such as NaOH is added, and the resulting mixture is heated to between 50° and 100°C to 
give a black precipitate. Acid radicals are then washed out with water, and the product dried to prevent discoloration. 

25 |n the above preparation method, the magnetite particles are coated with an Al compound, Si compound or both 

of these compounds. The Al compound may include aluminum sulfate, aluminum chloride, aluminum nitrate or sodium 
aluminate. The Si compound may include water glass, potassium silicate, sodium silicate or colloidal silica. 

The magnetite particles may be soaked with an aqueous solution of the Al compound, Si compound, or both of Al 
and Si compounds. Alternatively, the magnetite particles may first be soaked with an aqueous solution of the Al com- 

30 pound, Si compound or both ol Al and Si compounds, and an aqueous solution of acid or alkali added to cause deposition 
of Al oxide hydroxide or hydroxide, or of Si oxide hydroxide or hydroxide, on the surface of the magnetite particles. 
The latter method is to be preferred. 

The heat oxidation temperature in this method is 350°C to 700°C. If the temperature is less than 350°C, the 
generation of hematite in the maghemite/hematite composite is insufficient, and only the magnetite particles having a 

35 low coercive force and residual magnetization are obtained. If the temperature is higher than 700°C, the magnetite 
particles having the residual magnetization in the specified range are obtained, but inter-particle sintering occurs so 
that the dispersibility in the vehicle resin is poorer. 

In the preparation method described in the foregoing, a heat oxidation at 200°C to 350°C may., if necessary, be 
carried out prior to the heat oxidation at 350°C to 700°C. In this instance, it is possible to cause the magnetite particles 

40 to emit a considerable amount of heat in advance, and therefore it is easy to adjust the temperature when the starting 
particulate magnetite is converted to the particulate maghemite/hematite composite, to control the amount of hematite 
in the maghemite/hematite particles, and to control the residual magnetization of the magnetite particles. 

If the temperature is less than 200°C, a considerable time is required to initiate the exothermic reaction of the 
magnetite particles. The sufficient heat may be emitted by the magnetite below 350°C, so there is no advantage in 

45 using higher temperatures. 

The heat reduction temperature in the present invention is 250°C to 500°C. If it is less than 250°C, the reduction 
proceeds too slowly, and a considerable time is required to generate the magnetite particles. If it is higher than 500°C, 
the reduction proceeds too rapidly causing particle deformations and inter-particle sintering. 

The preparation method, by which the amount of hematite in the particulate maghemite/hematite composite may 

50 be controlled, makes it possible to obtain the magnetite particles having the residual magnetization corresponding to 
the amount of hematite, and it is therefore easy to control the residual magnetization of the magnetite particles. 

The above relation is represented in Fig. 1, of which data were derived from some experiments among many 
investigations conducted by the inventors. Fig. 1 shows the relation between the residual magnetization of the magnetite 
particles finally obtained and the amount of hematite in the maghemite/hematite composite particles. The latter com- 

55 posite particles were produced by the heat oxidation at 400 to 650 °C of three sorts of magnetite particles obtained 
from the aqueous solution, and the former magnetite particles as a final product were produced by the reduction of the 
latter composite particles thus obtained. The amount of hematite in the maghemite/hematite composite was expressed 
using measured values of the saturation magnetization of the composite. The smaller is the saturation magnetization, 
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Heat Treatment of Magnetite Particles Formed in the Foregoing: 
Preparation Example 1 

Sodium hydroxide was added to a suspension obtained by mixing 1 kg of magnetite perticle powder A with 10 I of 
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Preparation Examples 4 - 5 and Comparative Examples 1 - 2 

Magnetite particle powders were obtained in the same manner as in Preparation Example 1, excepting that the 
type of starting magnetite powder, type and amount of coating material, heat oxidation temperature, oxidation time, 
5 reducing temperature and reducing time were varied in producing the magnetite particles. Table 2 shows the main 
producing conditions and properties of the products obtained. 
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Manufacture of Magnetic Toner: 
55 Example 6 

70 parts by weight of the magnetite particle powder obtained in Preparation Example 4, 100 parts by weight of 
styrene acrylic resin, 0.5 parts by weight of a negative charge control agent and 3 parts by weight of low molecular 
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Claims 

1. A magnetic particle powder which comprises magnetite particles coated with silicon oxide, aluminium oxide or a 
mixture thereof, has a residual magnetisation of from 1 2 to 20 Am 2 /kg (1 2 to 20 emu/g), contains from 18.5 to 22.5 
% by weight of Fe 2+ based on the total weight of the powder and has a specific surface area of from 3.5 to 9.5 rr^/g. 

2. A powder according to claim 1, wherein the residual magnetization is from 12 to 18.5 Am 2 /kg (12 to 18.5 emu/g). 

3. A powder according to claim 1 or 2, wherein the content of Fe 2+ is from 19.5 to 22.5 % by weight. 

4. A powder according to claim 3, wherein the content of Fe 2+ is from 1 9.5 to 22 % by weight. 

5. A powder according to any one of the preceding claims, wherein the coating amount of Si and/or Al oxide is from 
0.1 to 2.0 % by weight based on the total weight of the powder. 

6. A powder according to any one of the preceding claims, wherein the specific surface area is from 4.0 to 8.5 rr^/g. 

7. A powder according to any one of the preceding claims, wherein each particle is in the form of a polyhedron or 
sphere. 

8. A powder according to any one of the preceding claims, wherein the polyhedron is a hexahedron or octahedron. 

9. A magnetic toner for use in magnetic image character recognition incorporating a magnetic particle powder as 
defined in any one of the preceding claims. 

Patentanspruche 

1. Pulver aus magnetischen Teilchen, welches Magnetitteilchen enthalt, die mit Siliciumoxid, Aluminiumoxid oder 
einem Gemisch davon beschichtet sind, wobei das Pulver eine Restmagnetisierung von 12 bis 20 Arr^/kg (12 bis 
20 emu/g) besitzt, 18,5 bis 22,5 Gew.-% Fe 2+ , bezogen auf das Gesamtgewicht des Pulvers, enthalt und eine 
spezifische Oberflache von 3,5 bis 9,5 m 2 /g aufweist. 

2. Pulver gemaB Anspruch 1 , wobei die Restmagnetisierung 12 bis 18,5 Am 2 /kg (12 bis 18,5 emu/g) betragt. 

3. Pulver gemaB Anspruch 1 oder 2, wobei der Gehalt an Fe 2+ 19,5 bis 22,5 Gew.-% betragt. 

4. Pulver gemaB Anspruch 3, wobei der Gehalt an Fe 2+ 1 9,5 bis 22 Gew.-% betragt. 

5. Pulver gemaB einem der vorstehenden Anspruche, wobei die Menge an Silicium- und/oder Aluminiumoxid in der 
Beschichtung 0,1 bis 2,0 Gew-%, bezogen auf das Gesamtgewicht des Pulvers, betragt. 

6. Pulver gemaB einem der vorstehenden Anspruche, wobei die spezifische Oberflache 4,0 bis 8,5 nrf/g betragt. 

7. Pulver gemaB einem der vorstehenden Anspruche, wobei jedes Teilchen die Form eines Polyeders Oder einer 
Kugel aufweist. 

8. Pulver gemaB einem der vorstehenden Anspruche, wobei das Polyeder ein Hexaeder oder ein Octaeder ist. 

9. Magnetischer Toner zur Verwendung bei der Erkennung von magnetischen Bildzeichen, wobei der Toner Pulver 
aus magnetischen Teilchen, wie in einem der vorstehenden Anspruche definiert, enthalt. 

R vendications 

1 . Poudre de particules magnetiques, qui comprend des particules de magnetite revetues d'oxyde de silicium, d'oxyde 
d'aluminium ou d'un de leurs melanges, possede une magnetisation ou aimantation residuelle de 1 2 a 20 Arr^/kg 
(12 a 20 emu/g), contient de 18,5 a 22,5 % en poids de Fe 2+ , sur la base du poids total de la poudre, et a une 
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Saturation Magnetization of 
Composite Particle (emu/g) 
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